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(57) ABSTRACT

A pendulum pump includes a housing, a cover positioned on
the housing and forming a cavity therebetween, an inner
rotor and an outer rotor positioned within the cavity, wherein
the mner rotor 1s connected via a plurality of pendulums to
the outer rotor, and the pendulums are mounted to the outer
rotor 1n an articulated manner such that a rotational eccen-
tricity can be imparted between the inner rotor and the outer
rotor to control a tlow rate of the pendulum pump, and a
protective plate positioned within the cavity and against a
surface of one of the housing and the cover.
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1
PENDULUM OIL PUMP

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a Continuation of U.S. application Ser.

No. 16/290,151, filed on Mar. 1, 2019, the contents of which
1s hereby incorporated by reference in its entirety.

TECHNICAL FIELD

The present disclosure relates to a pendulum o1l pump
(sometimes referred to a pendulum slider pump), and more
particularly to an apparatus for improving a pendulum oil

pump.
BACKGROUND

Pendulum o1l pumps are positive displacement pumps
used 1n internal combustion engines, and due to their par-
ticular structure and operation are able to readily adapt
volumetric output and pressure requirements to the needs of
the internal engine. In general, a pendulum o1l pump 1s a
reciprocating pump that typically includes an inner rotor and
an outer rotor. A plurality of pendulums 1s positioned
between the inner and outer rotors and about an outer
circumierence of the mnner rotor. The pendulums are rota-
tionally aflixed to an inner portion of the outer rotor at a first
end of each pendulum, and a second end of the pendulum 1s
typically positioned within a radial slot within the inner
rotor.

The 1nner rotor 1s typically fixed on an axis and rotation-
ally driven about the axis. The outer rotor 1s held 1n a spool,
and a rotational eccentricity of the outer spool with respect
to the 1nner rotor 1s controlled, thereby controlling delivery
of o1l passing through the pump. A cover 1s placed over the
pump, which contains the tlow of o1l during and directs the
flow from 1nlet to outlet. Volumetric output and pressure of
the pendulum o1l pump 1s adjusted by adjusting the eccen-
tricity between the rotors.

In operation, when operating the pendulum o1l pumps to
increase output and pressure, the pendulum pumps are
subject to damage and early life failure due to cavitation
within the pump. That 1s, as o1l 1s pumped cavitation tends
to occur against the inner surface within the pump, such as
in the housing and the cover. Cavitation can be a significant
cause of wear and early life failure, where voids are formed
and collapse during operation. The collapsing voids can
cause significant pressure spikes due to implosion of the
voids, which occur at or near the surfaces within the pump.
The implosions can cause cyclical stress that can result 1n
surface fatigue, damage, and early life structural failure of
the pump.

To mitigate the eflects of cavitation, m some known
designs radial ribs have been placed along the surfaces, such
as 1n the housing and/or in the cover. Such ribs can reduce
the overall effect of cavitation by minimizing the space that
1s available for the cavitation to occur. Without such spaces,
much larger cavitation voids can form during operation,
which can significantly impact the destructive eflect of
cavitation.

However, the ribs themselves consume valuable space
within the pump cavity, which can lead to reduced perfor-
mance of the pendulum pump. That 1s, limiting the overall
potential for cavitation can itself not only reduce the volu-
metric space available 1n the cavity for pumping, but can
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also reduce overall performance by limiting high end pres-
sure capabilities of the pump.
Thus, there 1s a need to 1improve pendulum o1l pumps.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows elements of a pendulum slider pump.

FIG. 2 shows details of a pendulum positioned within a
radial groove for a pendulum slider pump.

FIG. 3 shows a housing of a pendulum slider pump.

FIG. 4 shows a cover of a pendulum slider pump.

FIG. 5 shows a protective plate for mstallation onto one
or both of the housing and cover of the pendulum shider
pump.

FIG. 6 shows the housing of FIG. 3 having the protective
plate of FIG. 5 positioned thereon.

FIG. 7 shows the cover of FIG. 4 having the protective
plate of FIG. 5 positioned thereon.

FIG. 8 shows steps of a method of fabricating a pendulum
slider pump.

FIG. 9 shows the housing of FIG. 3 having a protective
plate positioned thereon according to another example.

DETAILED DESCRIPTION

Reference 1n the specification to “an exemplary illustra-
tion”, an “example” or similar language means that a par-
ticular feature, structure, or characteristic described 1n con-
nection with the exemplary approach 1s included 1n at least
one 1illustration. The appearances of the phrase “in an
illustration™ or similar type language 1n various places 1n the
specification are not necessarily all referring to the same
illustration or example.

Various exemplary illustrations are provided herein of
pendulum slider pump and a method of fabricating same.

In general, a pendulum slider pump includes an inner
rotor which 1s connected via pendulums to an outer rotor.
The pendulums are mounted on the outer rotor 1n an articu-
lated manner and simultaneously guided with their pendu-
lum foot 1n radial grooves 1n the 1nner rotor. The outer rotor,
the inner rotor as well as pendulums adjacent in the circum-
ferential direction accordingly delimit a pressure/suction
chamber.

Referring to FIGS. 1 and 2, a pendulum slider pump 2,
which can be an o1l pump in a motor vehicle as an example,
includes an inner rotor 4, which via pendulums 6 i1s con-
nected to an outer rotor 8. Pendulums 6 are mounted on outer
rotor 8 in an articulated manner and with a pendulum foot 10
guided 1n a radial groove 12 1in inner rotor 4. For an
articulated mounting, pendulums 6 include a pendulum head
14, which 1s mounted 1n a corresponding joint socket 16 on
outer rotor 8. Outer rotor 8, inner rotor 4 as well as two
pendulums 6 adjacent a circumierential direction delimit a
chamber (not visible), which 1s formed as a suction chamber
or as pressure chamber depending on the rotary position.

FIG. 3 illustrates a housing 100 of a pendulum slhider
pump 2, according to one example. Housing 100 includes,
not shown, elements of pendulum slider pump 2 positioned
within a cavity 102 as described with respect to FIGS. 1 and
2. Correspondingly, FIG. 4 shows a cover 200 that includes
mounting holes 202 that match with mounting holes 104 of
housing 100. Cover 200 1s brought together against housing
100 and having pendulum pump slider 2 positioned therein.
During operation, inner rotor 4 1s caused to rotate, and
referring back to FI1G. 1, a center 18 of inner rotor 4 1s caused
to be oflset from a center 20 of outer rotor 8, resulting in an
eccentricity 22 therebetween. Eccentricity 22 1s increased




US 11,828,288 B2

3

and decreased by increasing and decreasing the distance
between centers 18 and 20. By adjusting eccentricity 22,
volumes 24 between each pendulum 6 and its respective
radial groove 12 are caused to increase and decrease during,
operation, depending on the amount of eccentricity 22,
which mmpacts the volumetric flow rate of fluid pumped
through pendulum slider pump 2. Volumes 24 thereby
impart extremely low pressure suction upon the cover 200
and housing 100 that are above and below each volume 24,
which can lead to cavitation and resulting cavitation damage
in housing 100 and cover 200.

Thus, during operation and with relatively high volumet-
ric flow rates, cavitation can occur along a surface 106 of
housing 100, and/or along a surface 204 of cover 200. In one
example, housing 100 may include ribs 108 that form small
cavities 110 therebetween. Likewise, ribs 206 may be
included on cover 200 that form small cavities 208 therebe-
tween. In such fashion, if cavitation were to occur, then its
impact may be minimized in that cavities 110, 208 thereby
limit the space available for cavitation to propagate through.
That 1s, without ribs 108/206 forming cavities 110/208, a
much larger space 1s available and thus when conditions for
cavitation occur, the void formed during cavitation may not
be limited and the negative impact of cavitation can be
compounded by large voids forming over surfaces 106, 204.

As such, and according to the disclosure, a protective
plate 300, shown 1n FIG. 5, may be positioned against one
or both of surfaces 106, 204, to prevent damage that may be
caused to surfaces 106, 204 from cavitation. In so doing, ribs
108/206 are not necessary within pump 2, as the negative
cllects from cavitation can be mitigated, eliminating damage
to surfaces 106, 204. Referring to FIG. 5, a plate 300
includes an outer profile 302 of a protective plate that is
configured to fit within a pocket or cavity that i1s formed
between a pendulum pump housing and its cover. In one
example, plate 300 1s 1dentical whether 1t 1s attached to the
housing or the cover, which presumes that the housing and
cover form a cavity 1n a fashion that can receive outer profile
302. Thus, in one example the housing, such as housing 100,
and 1ts cover, such as cover 200, thereby may be configured
to recerve plate 300 positioned against one, the other, or both
housing 100 and cover 200. However, 1n another example,
cach of housing 100 and cover 200 may include different
profiles for receiving a cover, such as cover 300. In this
example, separate covers having separate profiles 302 may
be 1ncluded, each of which thereby conforms with a pocket
or recerving feature to receive its respective cover.

In one example, protective plate may be a few thou-
sandths of an inch thick (1.e., 100-200 microns), to several
times that thickness. The thickness 1s thereby selected based
on such properties as the material’s propensity to withstand
the punishing eflects of cavitation, while still providing
ample space within the cavity for the pendulum pump to
properly function. The thickness of one or both covers 300
may thereby be selected based on the material used, versus
its ability to withstand damage 1n a cavitation environment.
Thus, a high-grade stainless steel having a very high resis-
tance to damage and wear from cavitation, may have a lesser
thickness than that of a lower grade steel that may be more
prone to corrosion, erosion, or other wear mechanisms.

In addition, not only 1s the outer profile 302 determined
based on the fit of protective cover 300 within the available
space for positioning against cover 200 and/or housing 100,
but protective cover 300 includes cuttout regions 304, 306,
and 308. Cuttout regions 304, 306, for instance, are selected
to mate or match with protruding regions 112 (FIG. 3) and/or
protruding regions 210 (FIG. 4) of housing 100 and cover
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200. In one example, cuttout regions 310, 312, 314, and 316
may be positioned, likewise, to match with protruding
regions of housing 100 and/or cover 200. It 1s contemplated,
however, that profile 302 of protective plate 300, 1s estab-
lished to provide protection 1n regions of cavity 102 that
have the greatest propensity for cavitation to occur. In other
words, profile 302 1s not selected to merely cover all
surfaces within cavity 102 and on surfaces of housing 100 or
cover 200. Rather, protective plate 300 and 1ts profile 312 are
selected to provide maximum protection, while leaving
portions, such as regions 318, 320, and 322, without a
protective cover. That 1s, regions 318, 320, 322 themselves
experience changes 1n pressure during the pumping opera-
tion of pendulum slider pump 2, but 1t 1s contemplated that
protection may not be necessary at all locations within
cavity 102. Thus, a trade-oil may be made 1n selection of the
pump cover 300, to provide suflicient protection against
cavitation during the life of the pump, while not providing
material or protective covering to portions within the cavity
that are not particularly prone to cavitation.

It 1s also contemplated that, while the cover 1s illustrated
and described as a separate component from the housing and
cover, such protection may be provided directly to the
interior surface, according to the disclosure, such as via
clectroplating or other plating processes.

FIG. 6 thereby illustrates housing 100 having protective
plate 300 installed therein and against surface 106. FIG. 7
illustrates cover 200 having protective plate 300 installed
therein and against surface 204.

Thus, according to the disclosure, a pendulum pump 2
includes housing 100 and cover 200 positioned on housing
100 and forming a cavity 102 therebetween. Pendulum
pump 2 includes 1nner rotor 4 and outer rotor 8 positioned
within cavity 102. Inner rotor 4 1s connected via a plurality
of pendulums 6 to outer rotor 8, and pendulums 6 are
mounted to outer rotor 8 1n an articulated manner such that
rotational eccentricity 22 can be imparted between inner
rotor 4 and outer rotor 8 to control a flow rate of pendulum
pump 2. Protective plate 300 1s positioned within cavity 102
and against one or both of surfaces 106, 204 of one of
housing 100 and cover 200.

In one example, protective plate 300 1s positioned against
surface 106 of housing 100. In another example, protective
plate 300 1s positioned against surface 204 of housing cover
200. In st1ill another example, two protective plates 300 may
be used, having one 300 positioned against surface 106 of
housing 100, and another protective plate 300 positioned
against surface 204 of housing cover 200. Also, according to
the disclosure, protective plate 300 1s steel, and at least one
of housing 100 and cover 200 1s aluminum.

Also disclosed 1s a method of fabricating a pendulum
pump. The method includes positioning cover 200 on hous-
ing 100 and forming a cavity 102 therebetween. The method
further includes positioning inner rotor 4 and outer rotor 8
within cavity 102, connecting inner rotor 4 to outer rotor 8
via pendulums 6, mounting pendulums 6 to outer rotor 8 in
an articulated manner such that rotational eccentricity 22 can
be immparted between inner rotor 4 and outer rotor 8 to
control a flow rate of pendulum pump2, and positioning
protective plate 300 within 102 cavity and against a surface
106, 204 of one of housing 100 and cover 200.

Disclosed also 1s a method of refurbishing pendulum
pump 2, which includes disassembling cover 200, housing
100, inner rotor 4, outer rotor 8, and pendulums 6 of
pendulum pump2. The method further includes positioning
cover 200 on housing 100 and forming cavity 102 therebe-
tween, positioming inner rotor 4 and outer rotor 8 within
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cavity 102, connecting inner rotor 4 to outer rotor 8 via
pendulums 6, mounting pendulums 6 to outer rotor 8 in an
articulated manner such that rotational eccentricity 22 can be
imparted between inner rotor 4 and outer rotor 8 to control
a tlow rate of pendulum pump2, and positioning protective
plate 300 within 102 cavity and against a surface 106, 204
of one of housing 100 and cover 200.

Referring to FIG. 8, a method 400 of fabricating a
pendulum pump includes 402 positioning a protective plate
against a surface of one or both of a housing and a cover.
Method 400 turther includes 404 positioning an 1inner rotor
with respect to an outer rotor, step 406 mounting pendulums
therebetween 1n an articulated manner such that a rotational
eccentricity can be imparted between the 1nner rotor and the
outer rotor to control a flow rate of the pendulum pump, and
step 408 placing a cover against a housing to form a cavity
and against a surface of one of the housing and the cover.

FI1G. 9 illustrates cover 200 having a protective plate 500
installed thereon. In this example, however, protective plate
500 extends about an entire profile of cover 200, having
clearance at hole locations 502 which match with corre-
sponding hole locations such as shown in housing 100 of
FIG. 3. Protective plate 500 extends about the entire profile
508 of cover 200 and includes cutaway sections 506, 508
that match with corresponding regions 1 cover 200, pro-
viding protection against cavitation as indicated, but instal-
lation 1s simplified in that protective plate 500 may be placed
onto cover 200 during assembly, and then bolted or other-
wise attached to housing 100 via its mating holes. Protective
plate 500 thereby covers not only all corresponding cavities
in housing 100, but further extends beyond the cavities, and
in one example covers the entire profile. Thus, 1 one
example protective plate 500 extends to an outer profile of
one of the housing and the cover.

Thus, the disclosed method 1ncludes the steps, not nec-
essarily in the following order, that include positioning a
cover on a housing and forming a cavity therebetween,
positioning an inner rotor and an outer rotor within the
cavity, connecting the inner rotor to the outer rotor via a
plurality of pendulums, mounting the pendulums to the outer
rotor 1n an articulated manner such that a rotational eccen-
tricity can be imparted between the inner rotor and the outer
rotor to control a flow rate of the pendulum pump, and
positioning a protective plate within the cavity and against
a surface of one of the housing and the cover.

With regard to the processes, systems, methods, heuris-
tics, etc. described herein, it should be understood that,
although the steps of such processes, etc. have been
described as occurring according to a certain ordered
sequence, such processes could be practiced with the
described steps performed 1n an order other than the order
described herein. It further should be understood that certain
steps could be performed simultaneously, that other steps
could be added, or that certain steps described herein could
be omitted. In other words, the descriptions of processes
herein are provided for the purpose of illustrating certain
arrangements and should 1n no way be construed so as to
limit the claimed 1nvention.

Accordingly, 1t 1s to be understood that the above descrip-
tion 1s mntended to be illustrative and not restrictive. Many
applications other than the examples provided would be

upon reading the above description. It 1s anticipated and
intended that future developments will occur 1n the arts
discussed herein, and that the disclosed systems and meth-
ods will be mcorporated into such future arrangements. In
sum, 1t should be understood that the invention 1s capable of
modification and variation.
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All terms used 1n the claims are intended to be given their
broadest reasonable constructions and their ordinary mean-
ings as understood by those skilled 1n the art unless an
explicit indication to the contrary in made herein. In par-
ticular, use of the singular articles such as “a,” “the,” “said,”
etc. should be read to recite one or more of the indicated
clements unless a claim recites an explicit limitation to the
contrary.

What 1s claimed 1s:

1. A pendulum pump, comprising:

a housing having a housing inner surface area;

a cover having a cover imner surface area and when
positioned on the housing the cover inner surface
directly opposes the housing inner surface, forming a
cavity between the housing inner surface area and the
cover 1nner surface area;

an inner rotor and an outer rotor positioned within the
cavity, wherein the inner rotor 1s connected via a
plurality of pendulums to the outer rotor, and the
pendulums are mounted to the outer rotor 1n an articu-
lated manner such that a rotational eccentricity can be
imparted between the mner rotor and the outer rotor to
control a tflow rate of the pendulum pump; and

a protective plate positioned about a center bore of the
inner rotor and within the cavity and against one of the
housing inner surface area and the cover inner surface
area, the protective plate having a protective plate area
that 1s a size of at least a portion of one of the housing
inner surface area and the cover inner surface area, the
protective plate having a first edge that includes two
cuttout regions, the protective plate having a second
edge opposite the first edge, the second edge having
two cuttout regions, the first edge and 1ts two cuttout
regions 1n contact with a first portion of the housing or
cover, and the second edge and 1ts two cuttout regions
in contact with a second portion of the same housing or
cover that the first edge 1s 1n contact waith.

2. The pendulum pump according to claim 1, wherein the
s1ze of the at least one portion of the protective plate 1s less
than a size of the housing inner surface area and less than a
s1ze of the cover 1nner surface area, such that regions of the
housing inner surface or the cover inner surface against
which the protective plate are positioned do not include the
protective cover.

3. The pendulum pump according to claim 1, wherein the
protective plate 1s positioned against the housing inner
surface area.

4. The pendulum pump according to claim 1, further
comprising another protective plate positioned within the
cavity and against a surface of the other of the housing inner
surface area and the cover inner surface area.

5. The pendulum pump according to claim 1, the protec-
tive plate having a thickness of 100-200 microns.

6. The pendulum pump according to claim 1, wherein one
of the housing inner surface area and the cover 1nner surface
area 1s a single planar surface and the protective plate 1s
positioned against the single planar surtace.

7. The pendulum pump according to claim 1, wherein the
protective plate extends to an outer profile of the cavity
formed by the housing and the cover.

8. The pendulum pump of claim 1, wherein the first edge
ol the protective plate includes a first convex edge between
the two cuttout regions of the first edge, the first convex edge
in contact with a first concave surface of the housing or
cover.

9. The pendulum pump of claim 8, wherein the second
edge of the protective plate includes a second convex edge
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between the two cuttout regions of the second edge, the
second convex edge 1n contact with a second concave
surface of the housing or cover.

10. A method of fabricating a pendulum pump, compris-
ng:

positioning a cover on a housing, the cover having a cover

iner surface area and the housing having a housing
inner surface area, and such that the cover inner surface
directly opposes the housing mnner surface;

forming a cavity between the cover mnner surface area and

the housing mner surface area;

positioning an inner rotor and an outer rotor within the

cavity;

connecting the mner rotor to the outer rotor via a plurality

of pendulums;
mounting the pendulums to the outer rotor 1n an articu-
lated manner such that a rotational eccentricity can be
imparted between the mner rotor and the outer rotor to
control a flow rate of the pendulum pump; and

positioning a protective plate about a center bore of the
inner rotor and within the cavity and against one of the
housing 1nner surface area and the cover inner surface
area, the protective plate having a protective plate area
that 1s a size of at least a portion of one of the housing
inner surface area and the cover inner surface area, the
protective plate having a first edge that includes two
cuttout regions, the protective plate having a second
edge opposite the first edge, the second edge having
two cuttout regions, the first edge and its two cuttout
regions 1n contact with a first portion of the housing or
cover, and the second edge and 1ts two cuttout regions
in contact with a second portion of the same housing or
cover that the first edge 1s 1n contact with.

11. The method according to claim 10, wherein the size of
the at least one portion of the protective plate 1s less than a
s1ze ol the housing inner surface area and less than a size of
the cover inner surface area.

12. The method according to claim 10, further comprising
positioning the protective plate against the housing inner
surface area.

13. The method according to claim 10, further comprising
positioning another protective plate within the cavity and
against a surface of the other of the housing inner surface
area and the cover mner surface area.

14. The method according to claam 10, wherein the
protective plate 1s steel.

15. The method according to claim 10, wherein at least
one of the housing and the cover are aluminum.

16. The method according to claim 10, wherein one of the
housing 1nner surface area and the cover inner surface area
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1s a single planar surface and the protective plate 1s posi-
tioned against the single planar surface.
17. The method according to claim 10, wherein position-
ing the protective plate within the cavity comprises electro-
plating the protective plate within the cavity.
18. A method of refurbishing a pendulum pump, com-
prising:
disassembling a cover, a housing, an inner rotor, an outer
rotor, and a plurality of pendulums of a pendulum
pump, the cover having a cover mnner surface area and
the housing having a housing 1nner surface area;

positioning the cover on the housing such that the cover
mner surface directly opposes the housing inner sur-
face, forming a cavity between the cover mner surface
arca and the housing inner surface area;

positioning the 1mner rotor and the outer rotor within the

cavity;

connecting the inner rotor to the outer rotor via the

plurality of pendulums;

mounting the pendulums to the outer rotor in an articu-

lated manner such that a rotational eccentricity can be
imparted between the mner rotor and the outer rotor to
control a flow rate of the pendulum pump; and
positioning a protective plate within the cavity and against
one of the housing inner surface area and the cover
iner surface area, the protective plate having a pro-
tective plate area that 1s a size of at least a portion of
one of the housing inner surface area and the cover
iner surface area, the protective plate having a first
edge that includes two cuttout regions, the protective
plate having a second edge opposite the first edge, the
second edge having two cuttout regions, the first edge

and 1ts two cuttout regions 1n contact with a first portion
of the housing or cover, and the second edge and 1ts two
cuttout regions 1n contact with a second portion of the
same housing or cover that the first edge 1s 1n contact
with.

19. The method according to claim 18, wherein the size of
the at least one portion of the protective plate 1s less than a
s1ze ol the housing inner surface area and less than a size of
the cover inner surface area.

20. The method according to claim 18, further comprising,
positioning the protective plate against the housing inner
surface area.

21. The method according to claim 18, wherein position-
ing the protective plate within the cavity comprises electro-
plating the protective plate within the cavity.
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